ABSTRACT: The gradient of environmental conditions from west to east in the Mediterranean results in very low primary productivity in the eastern area of this sea. This impoverishment is expressed also in higher trophic levels and has been accounted for by several faunistic phenomena. One of these is 'Levantine nanism' (dwarfism); this is characterized by smaller body size of specimens in the Levantine basin compared with conspecifics in the western Mediterranean. Nanism has been hypothesized for various taxonomic groups in the Mediterranean, but no quantitative study has yet been carried out to confirm it. In the present study male and female red mullet Mullus barbatus from trawl surveys carried out along the Mediterranean coast of Israel and the Strait of Sicily were sampled. Each fish was sexed, measured for total length (TL) and aged by otolith readings. ANCOVA analyses indicated that the TL of both males and females from Israel was significantly smaller at increasing ages than conspecifics of the same age and sex from Sicily. In addition, preliminary examination of sexual maturity of M. barbatus of both sexes indicated that the Israeli fish sexually mature at a smaller size than conspecifics of the same sex from Sicily. These findings can be explained by low productivity in the Levantine basin compared with the western Mediterranean. The low and unpredictable food supply in the southeastern Mediterranean may result in a form of r-strategy of the marginal eastern populations of this species that leads to early reproduction and smaller body size. The average higher water temperature may also partly explain Levantine nanism, as it may cause more intensive metabolic processes in the southeastern population, resulting in earlier sexual maturity and cessation of growth. 
INTRODUCTION
The Mediterranean Sea is generally considered to be the most impoverished large body of water known (Ryan 1966) ; it is characterized by a gradient of changing environmental conditions from west to east: chemical, physical and biological.
As water salinity and temperature increase and nutrient content decreases, productivity in the eastern Mediterranean declines compared with that in the western and central areas of this sea (e.g. Saurnia 1973 , Azov 1986 , Herut et al. 2000 . This impoverishment is expressed in several faunistic phenomena. Foremost among them is a decrease in the number of species of some taxonomic groups in the eastern Mediterranean compared with those found in the central and western areas of this sea (Por 1989) . Ben-Tuvia (1983) calculated that the Levant basin in the southeastern Mediterranean contains only 57% of the fish species of the western Mediterranean, although this finding has been questioned by Goren & Galil (1997) , at least in regard to deep sea fishes in the Levant. Golani (1996 Golani ( , 2005 and Quignard & Tomasi (2000) listed 410 fish species in the Levant, 511 species in the central Mediterranean and 638 in the western Mediterranean. Goren & Galil (1997) calculated that the ichthyofauna of the Levant represents 63% of the species of bony fish found in the western Mediterranean. This aspect has been well studied due to careful censuses of Mediterranean fauna (e.g. Fredj & Laubier 1985 , Fredj & Maurin 1987 .
Another important biological phenomenon, apparently associated with the impoverishment of the eastern Mediterranean, has been hypothesized by Por (1989) , i.e. 'Levantine nanism,' which involves small body size (dwarfism). He suggested that nanism might be the result of exceptional environmental factors (high salinity and temperature), low productivity, or of a combination of all these aspects. Por further proposed that nanism is a special expression of r-strategy, in populations of species that are at the margins of their zoogeographical distribution. Nanism had been suggested for various taxonomic groups: by Levi (1957) for sponges, by Stephen (1958) for sipunculids, by B. Galil (pers. comm. 1998) for crustaceans, for coelenterates by M. Fine (pers. comm. 2002) , and for polychaetes by Laubier (1966) . Ben-Eliyahu & Fiege (1994) found that specimens of polychaetes Euarche tubifex (family Acoetide = Polyodontidae) from the Israeli coast were significantly smaller in length than those collected along the Sicilian coast. However, age information for the specimens was lacking, and the depth ranges of the samples were different, with the Israeli population coming from a broader depth range.
In bony fish, Tortonese (1951) indicated the same trend. Scientists, who recently compared commercial fishes of the family Sparidae from the Mediterranean coast of Israel with conspecifics sampled in the western Mediterranean and the Atlantic, were impressed by how much larger the western specimens proved to be (M. Tom & L. Fishelson pers. comm. 2002) .
Referring to benthic fauna, Pérés & Picard (1956a ,b,c, 1958 mentioned that the specimens of species common in the entire Mediterranean were clearly smaller in the eastern part of the basin than those collected in the west. They suggested that nanism might be related to a lower prevalence of food in the east. More likely, as they and Wirssubski (1953) assumed, since the average water temperature in the southeastern Mediterranean is higher than in the west, conspecifics in the east exhibit intensive metabolism. This enhanced metabolism results in earlier sexual maturity and a deceleration of growth.
In ectotherms, age and size at maturity typically decrease with an increase in temperature (e.g. Dhillon & Fox 2004 and review by Atkinson 1994) , resulting in a slowing down of growth. This inverse relationship between temperature, age and size at maturity has been explained using environmental-physiological arguments (e.g. van der Have & de Jong 1996 , Atkinson & Sibly 1997 and rationalized from the perspective of life-history theory (e.g. Berrigan & Charnov 1994 , Sibly & Atkinson 1994 .
In order to confirm the nanism hypothesis, a systematic, quantitative comparison of sex, age and sexual maturity between specimens from the western-central part of the Mediterranean and conspecifics from the eastern part is required. As a first of its kind, the present study aimed at making exactly such a comparison. We selected red mullet Mullus barbatus as a comparative subject. Red mullet is one of the most commercially important species found throughout the Mediterranean (Whitehead et al. 1986 ). Specimens of this species can be found in commercial yields throughout the year and can be sampled during commercial and scientific fishing cruises. As a result of this, along Mediterranean coasts, the red mullet and some of its biological and ecological characteristics have been studied extensively over the years.
Mullus barbatus is a benthic species frequently found on muddy seabeds in a depth range of 5 to 250 m (Relini et al. 1999) . The reproduction period of M. barbatus along the coast of Israel is between March and June (Golani & Darom 1997) and between May and July in the Strait of Sicily (Relini et al. 1999) . The annual fishery yield of red mullet along the Mediterranean coast of Israel is on the order of 300 t (Golani & Darom 1997 , Snovsky & Shapiro 1999 and 20 114 t in Italy (for 1982), of which the Sicilian total catch was 13 886 t (Cingolani et al. 1986 ). However, the most recent (2001) official data indicated a decrease in the Italian annual catch to 10 708 t, of which the Sicilian catch was 1126 t (IREPA 2000a (IREPA ,b, 2001a .
The availability of Mullus barbatus and, more importantly, the extensive experience in otolith readings of this species (e.g. Levi et al. 1994 , Sonin et al. 1996 made it a suitable subject species for the present study.
MATERIALS AND METHODS
Sample collection. Both Israel and Sicily conduct annual trawl surveys on a regular basis. These are one of the sources of data used in making fishing management decisions. All specimens of Mullus barbatus caught during the trawl surveys described below were used for the present study and their otoliths were removed for age determination; no sub-sampling was carried out. Total length (TL) measurements are in centimeters, to the accuracy of 0.5 cm.
Strait of Sicily: Specimens of Mullus barbatus from the Strait of Sicily (Fig. 1) were collected during the 23rd trawl survey conducted between October 17 and December 12, 1998, by IRMA-CNR (Istituto di Ricerche sulle Risorse Marine e l'ambiente-National Research Council). This year was selected for the present study since the samples contained representatives of male and female M. barbatus from all length groups. The equipment used during the surveys included a commercial trawl net, with a vertical opening of 0.6 to 1 m and a horizontal opening of 20.9 to 30.3 m. Mesh size in the cod end was 40 mm. Samples were taken mainly between depths of 10 and 200 m. The most common depth range for this species was 50 to 100 m.
A total of 329 specimens, which included all Mullus barbatus sampled in this survey (186 females and 143 males), was taken for otolith readings. Sexual Maturity Stages 2 and 3 (Holden & Raitt 1974) and total lengths were determined for 162 females and 126 males.
Israel: Red mullet specimens were collected during trawl surveys conducted by the Fishery Department, Israel Ministry of Agriculture, on the Mediterranean continental shelf of Israel ( Fig. 1) during May, July, September, October, November and December 2000. The specimens included a range of all length groups. The commercial trawl net used had a vertical opening of 0.8 to 1.3 m and a horizontal opening of 13 to 14 m. Mesh size in the cod end was 42 mm. Samples were taken between depths of 15 and 230 m. The most common depth range for this species was 50 to 80 m.
A total of 108 specimens (56 females and 52 males), which included all of the Mullus barbatus sampled in these surveys, was taken for morphometric analysis and otolith readings. Sexual Maturity Stages 2 and 3 (Holden & Raitt 1974) and TLs were determined for 24 females and 27 males.
Otolith readings. Ages of the sampled fish were determined by examining otoliths for annual rings. A critical issue in age determination is validation of the aging technique (Hilborn & Walters 1992) . Determination of fish age by otolith readings is a scientific method that depends on the level of proficiency and experience of the person analyzing. Otoliths analyzed by different readers in separate laboratories may reveal slightly different results. To prevent such variation from occurring, all fish sampled in Israel and in Sicily were analyzed for otolith annual rings in 1 laboratory (Sicily) by the same 2 readers (Israeli and Sicilian) correspondingly, using a Wild M8 double station binocular. The otoliths were read whole, immersed in ethyl alcohol over a black background.
In the vast majority of readings the decision was mutually agreed upon. Nevertheless, a repeat reading was always performed to assure this. In the few cases where a difference of opinion existed between the readers, a re-examination and further discussion of the case took place. If, even after this procedure, mutual agreement regarding the age reading was not reached, the given otoliths were not included in the final analysis.
Determination of sexual maturity stages. For sexual maturity comparison, a 5 stage system (Holden & Raitt 1974) Data analysis. Analysis of covariance (ANCOVA) was performed to test the differences in TLs between specimens from the 2 areas ('Israel' and 'Strait of Sicily') and thus to detect differences in growth patterns.
Two separate ANCOVA models were fitted for each sex. The dependent variable in the ANCOVA model was the TL. The independent variables were: area (effect), age (covariate) and the interaction between these 2 terms (area × age). The latter was included to test the equality of slopes of the regression lines representing each area. A significant interaction term supports the occurrence of different growth rates between the 2 areas.
Statistical analyses were carried out using the SPSS v.12 software package.
RESULTS

Comparison of sizes between the 2 areas
TLs of Mullus barbatus fished on the Mediterranean continental shelf off Israel were larger than those of their conspecifics of the same age and sex from the Strait of Sicily at Age Class 0 and smaller from Year Class 1 onward (Table 1) .
Variation in growth patterns
For each sex, the overall p-value was highly significant (according to the ANCOVA models; Table 2 ). Males from Sicily tended to have a significantly longer TL than specimens from Israel at increasing ages (Fig. 2) . The p-value of the interaction (age × area) was marginal, and thus parallel regression lines for each area cannot be excluded.
Females from Sicily likewise tended to have a significantly longer TL than specimens from Israel at increasing ages (Fig. 3) . The significant p-value of the interaction (age × area) suggests the appearance of non-parallel regression lines; thus, growth rates differ between the 2 areas.
Size at maturity stages
The results of the preliminary examinations of sexual Maturity Stages 2 and 3 in this species (Table 3) 
DISCUSSION
As a first of its kind, the present study set out to systematically investigate Por's (1989) hypothesis of 'Levantine nanism' in a bony fish, Mullus barbatus. The present findings clearly demonstrate that M. barbatus fished on the Mediterranean continental shelf of Israel are significantly smaller than their conspecifics of the same age and sex from the Strait of Sicily (Tables 1 & 2) .
A recent allusion to nanism can be found in the work of Aharonov & Goren (2001) , who pointed out that females of dusky groupers Epinephelus marginatus from the Mediterranean coast of Israel reached sexual maturity at a younger age and shorter length than conspecifics from other sites in the Mediterranean. However, according to their calculations, the growth rate of their fish proved similar to those in the western basin (Boucheraue et al. 1999) . They concluded, therefore, that their findings did not correspond with the theory of Levantine nanism.
How, then, do we explain the phenomenon of Levantine nanism? Three main environmental factors differentiate between the eastern and western Mediterranean -productivity, temperature and salinity.
Productivity
Primary productivity is significantly lower in the eastern Mediterranean compared with the central and western parts of this sea. Average chlorophyll concentrations for the euphotic zone in the oceanic region (depth <100 m) off the Mediterranean coast of Israel are 0.06 to 0.12 mg m -3 (Berman et al. 1986 ) and 0.2 to 0.5 mg m -3 in the Strait of Sicily (Agostini & Bakun 2002) , with patches of elevated chlorophyll concentrations, e.g. along the Algerian coast, where chlorophyll concentrations sharply increase to > 0.5 mg m -3 (Martinez et al. 1990 ). Recent primary production studies (Moutin & Raimbault 2002) Age ( Table 2 ). '0': <1 yr of age (R 2 values and statistical significance of each fit are presented in Table 2; slopes and intercepts can be derived from Table 2 ) Fig. 3 . Mullus barbatus. Growth patterns in females from Israel and Sicily. Curves represent regression lines for prediction of length by age (details in Table 2 ). '0': <1 yr of age (R 2 values and statistical significance of each fit are presented in Table 2 ; slopes and intercepts can be derived from Table 2) (0 to 100 m) were, respectively, 1.2 ± 1.4 and 0.05 ± 0.05 µM in the western basin and 0.3 ± 0.7 and 0.01 ± 0.02 µM in the eastern basin. Herut et al. (2000) reported chl a concentrations at 2 fixed stations across the southeastern Mediterranean continental shelf and slope (120 and 400 m) ranging between 0.003 and 0.415 mg m -3
. In terms of primary productivities, the values measured around the Strait of Sicily are, at least, more than twice those measured off the coast of Israel.
Occasionally, however, after storms in the Levant basin, nutrients on the shallow continental shelf reach the euphotic zone and temporarily increase primary productivity and influence the food web (Azov 1986 ). Also, Herut et al. (2000) reported distinct biomass phytoplankton peaks (~30 mg chl a m -3 in the upper 120 m) following autumn and winter storms. These unpredictable changes can be expressed temporarily also in higher trophic levels, including the benthic invertebrates (small crustaceans, mollusks and polychaetes) that are the main food for Mullus barbatus (Ben-Eliyahu & Golani 1990 , Golani & Galil 1991 , Lythgoe & Lythgoe 1992 . Pianka (1970) suggested that in variable and unpredictable conditions (of food supply in the present study), the adaptation of the population is for r-selection, where development is fast, reproduction is early and body size is small. Our preliminary results (Table 3 ) that point to sexual maturation at smaller body size in the Levantine specimens may supply supportive evidence. Jobling (1996) stated that an r-strategist would be expected to mature early in life, develop rapidly, produce large numbers of offspring for a given body size and have maximum production of offspring at an early age. As a consequence, the organism allocates a large proportion of the available resources to reproductive activities. Jobling (1996) also suggested that r-strategists would also be expected to have small body sizes. The special expression of r-strategy, as a possible outcome of an unpredictable environmental factor (in this case food supply) influencing a species, is demonstrated throughout all the year classes of Mullus barbatus.
In Year Class '0' (Table 1) , Israeli specimens demonstrate larger size. Larger size may reflect a rapid growth rate, compared to that of Sicilian conspecifics, and thus the Israeli specimens gain maturity as early as possible. Yet larger size may also be achieved because Israeli fish have larger eggs and offspring hatch at a larger size. From Year Class '1' onward, growing pattern changes dramatically, as Sicilian specimens, male and females alike, are of larger body size than their Israeli conspecifics (Figs. 2 & 3) .
We therefore propose that, as suggested by Jobling (1996) , after maturity is reached Mullus barbatus in the Levant basin also shifts energy from gaining body size and maturity to mainly reproduction at the expense of growth.
Temperature
The average higher water temperature in the southeastern Mediterranean may be another explanation for Levantine nanism. Mean surface water temperature in the Strait of Sicily (winter to summer) is 14 to 23°C, and 13.8°C in the intermediate layer (200 m (Zenetos et al. 2002) . Higher water temperature may cause more intensive metabolism (e.g. Jobling 1993) in the southeastern population, resulting in earlier sexual maturity and deceleration of growth.
Fishes in the Atlantic, such as the cod Gadus morhua, show faster growth when conditions are warmer (e.g. Campana et al. 1995) . On the other hand, populations of Atlantic cod in colder areas at higher latitudes are larger and grow slowly. Some coral reef fish are larger in Hawaii (colder water) than their conspecifics in warmer water (Rainer Froese pers. comm. 2002) . Charnov (1993) mentioned a similar trend in flatfish. At high temperature there will also be a decline in the rate of ingestion (Jobling 1993 ) that may result in smaller body size. Moreover, the rate of development (maturity stage) is generally found to increase when temperatures become higher (Jobling 1996) .
It seems, however, that the differences in water temperature between the eastern and central Mediterranean are less dramatic than those involved in food supply. We suggest that the higher water temperature in the Levant may be a supplementary explanation for nanism at the most.
Salinity
Mean surface salinity in the Strait of Sicily is 37.5 and 38.6 ‰ at intermediate depth. Mean surface salinity in the Levant is 39 and 38.9 ‰ in the intermediate layer (Zenetos et al. 2002) . Cotton et al. (2003) found some effect of salinity on growth of juvenile Black Sea bass Centropristis striata. However, the differences in salinities affecting body growth were greater by an order of magnitude (10 to 20 ‰) than in our case. Denson et al. (2003) reported a similar trend in growth affected by considerable salinity differences for juvenile cobia Rachycentron canadum. Since the differences between water salinities in the Levant and the Strait of Sicily are relatively small, we suggest that their effect on nanism is negligible. Another possible factor that may affect fish body size is not environmen-tal, but man-made fishing pressure (e.g. Jennings & Polunin 1996) .
Both populations have been exposed to very intensive fishing for many years, due to the traditional demands (and high prices) for this species. Fishing equipment is very much alike in the 2 areas. Both populations are exploited with the same fishing methodtrawling. Moreover, when trawl fisheries were established in Israel 50 yr ago, Italian instructors from Sicily supervised the project (Schmida & Ben-Yami 1968 Therefore, the differences in body size between the Israeli and Sicilian populations of Mullus barbatus cannot be attributed to differences in fishing pressure. Considering all of the above parameters, temperature may only provide a minor explanation for Levantine nanism, and fishing pressure also seems to have a limited effect. Salinity appears to be insignificant in this context. Therefore, it is suggested that the foremost factor responsible for Levantine nanism is the scarcity and unpredictability of the food supply, resulting from the lower primary production and its influence on the food web.
Dwarfs are assumed to be faster growers. This may have implications regarding other populations' parameters, such as natural mortality, recruitment success and density dependence. Thus, the management of fish stocks in the Mediterranean must be addressed differently if nanism is at stake. Similar studies are, therefore, recommended on other commercially important Mediterranean species. In addition, it would be interesting to investigate whether Levantine nanism is also found in Lessepsian migrants that entered the eastern Mediterranean through the Suez Canal and spread westward (Spanier & Galil 1991) .
